FIITJCC 



CLASSROOM PROGRAM 



Scanned by CamScanner 































FOUR YEAR CLASSROOM PROGRAM 


Chapters 


Human Eyes and 
Colourful World 

> 

I 

LU 

(0 

< 

X 

CL 


Price: Rs. 800/- 


FIITJCC Ltd., FIITJEE House, 29-A, Kalu Sarat, Sarvapriya Vihar, New Delhi 110016, Ph 46106000 26569493 Fax 

website.- www.flltjee.com. ’ 


Scanned by CamScanner 




Human Eye and the Colourful World 


Contents 

THE HUMAN EYE ...1 

Range of Vision of a Normal Human Eye ■ ■ ■ 1 

Least Distance of Distinct Vision (Near Point) • • • 1 

DEFEC TS OF VISION ... 2 

Myopia (Near-sightedness) ...2 

Hyper metropia (Far sightedness) ... 2 

Presbyopia ...2 

Astigmatism ...2 

Colour blindness .. .3 

DISPERSION ...3 

Rainbow ..A 

ATMOSPHERIC REFRACTION ...4 

Twinkling of Stars ■■ A 

SCATTERING OF LIGHT ...5 

Tyndall Effect ■ • -5 

Blue Colour of Sky • • • 5 

Colour of Sun at Sunrise and Sunset ... 5 

KEY TO EXERCISES ...7 

ADD TO YOUR KNOWLEDGE ...8 

SOLVED PROBLEMS ...9 

CHAPTER PRACTICE PROBLEMS ...13 

ASSIGNMENT (SUBJECTIVE / OBJECTIVE) ...14 

KEY AND ANSWERS TO CPP & ASSIGNMENT ...21 


Nftitt Ltd., FI1TJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi 110016, Ph 46106000, 26569493, Fax 26513942 

website: www.fii1Jee.com. 


Scanned by CamScanner 




THE HUMAN EYE AND THE COLOURFUL WORLD 


THE HUMAN EYE 


The human eye is like a camera having a lens system 
forming an inverted, real image on a light sensitive 
screen inside the eye, called the retina. Light goes 
inside the eye through a thin membrane, called the 
cornea, which covers the transparent bulge on the 
surface of the eyeball. Eyeball is approximately sphere 
having diameter of about 2.3 cm. The cornea and the 
aqueous humor act as lens and both provide most of 
the refraction for the light, which enters in the eye. 


Sclera 



The crystalline lens adjusts the focal length required to focus objects at different distances at the 
retina, behind cornea is the iris, which controls the size of the pupil. Iris can adjust its size, therefore, 
helps in regulating the light through pupil. 


Pupil has variable aperture. For a very bright light, the pupil becomes very small. However, for a dim 
light it opens completely through the relaxation of the iris. 


The light entering the eye is focused by the eye lens and forms an inverted, real image of the object 
on the retina behind the lens. 


The retina has a large number of light sensitive cells. It contains rod and cones which respond to the 
intensity of light and colour respectively. When the image falls on the retina then these light sensitive 
cells get activated and generate electrical signals. The retina sends these signals to the brain through 
the optic nerve and gives rise to the sensation of vision. 

In the relaxed position the focal length of the eye lens is about 25 cm. The eye lens can adjust its 
focal length and this property is called accommodation. However, the focal length of the eye lens 
cannot be decreased below a certain minimum limit. Eye lens is basically composed of a fibrous, 
jellylike material. By the ciliary muscles, its shapes can be modified to some extent. 


Unlike a camera, the image formed on the retina of the eye is not permanent. Its impression remains 
on the retina for about (1/16) lh of a second, even when the object has been removed. This is called 
the persistence of vision. A normal eye can accommodate for all distances between infinity (far point) 
and about 25 cm (near point). 

The maximum variation in the power (1/f) of the eye-lens that can be achieved by the eye of a person 
is called its power of accommodation. 

Range of Vision of a Normal Human Eye 

The range of vision of a normal human eye is from infinity to about 25 cm. 

Least Distance of Distinct Vision (Near Point) 

The minimum distance from the eye at which an object must be placed so that a normal eye can see 
it clearly, is called the least distance of distinct vision or near point of the eye. For a normal human 
eye it is 25 cm and often denoted by D. 

Far point: The farthest point from the eye which can be seen clearly is known as the 'far point’ of the 
eye. For a normal human eye far point is infinity. 
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How Do we See Colours? 

We know that retina is a delicate membrane having enormous number of light-sensitive cells. These 
cells are in the shape of rods and cones. The rod shaped cells respond to the intensity of light, with 
different degree of brightness and darkness. In dim light only rod are sensitive cones are not. On the 
other hand, cones respond to colours. Cones become active in bright light only and make colour 
perception possible. Upto different extent, cones are sensitive to red, green and blue light. 

Different animals have different colours perception due to different structure of rods arid cones. Due 
to having retinal cones, bees are sensitive to ultra-violet light. 


DEFECTS OF VISION 

There are mainly four common defects of vision. 

(i) Myopia (Near-Sightedness) 

The eye defect in which a person is not able to 
see distant objects clearly is called near¬ 
sightedness or Myopia. This defect can be 
corrected by using a concave lens. In this type 
of defect, the image of a distant object is 
formed in front of the retina. 




This defect arises because the power of the eye is too great due to the decrease in focal length 
of the crystalline lens. This may arises due to the either. 

(i) excessive curvature of the cornea or. 

(ii) eye ball being too long. 


(ii) 


Hyper Metropia (Far Sightedness) 

In this case the image of nearby objects is formed 
behind the retina. Thus nearby objects cannot be 
seen clearly, although faraway objects can, this 
defect is called far-sightedness, long sightedness, 
hypermetropia. This defect can be corrected by 
using a convex lens of appropriate focal length. 

This defect arises because either 




Near point of 
defective eye 


(i) the focal length of the eye-lens is too large or 

(ii) the eye ball becomes too short. 


(iii). Presbyopia 

With growing age, the power of accommodation of the eye decreases. Due to this, most people 
cannot read comfortably and distinctly, without having eyeglasses. This defect is called 
Presbyopia. 

This defect arises due to the gradual weakening of the ciliary muscles and diminishing flexibility 
of the crystalline lens. When a person suffers from both myopia and hypermetropia, often 
requires bi-focal lens. 


(iv). Astigmatism 

In this defect, a person cannot focus on both horizontal and vertical lines simultaneously. This defect 
arises due to the cornea which is not perfectly spherical. In an eye suffering from astigmatism, the 
cornea has different curvatures in different direction vis-a-vis horizontal and vertical planes. Due to 
this the eye can focus the objects well in one direction, while those in a perpendicular direction not 
well focused. To compensate, this defect 'cylindrical glasses are used. 
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Sometimes the surfaces of the crystalline lens of the eye become uneven. Therefore, the light 
passing through this surface can't be focused sharply at single point. It is focused at a number 
of closely placed points at varying distances. Therefore, the image looks blurred or distorted. 
Such type of defect is called astigmatism. To compensate this defect ‘cylindrical glasses are 
used. 

(v) Colour Blindness 

Colour blindness is the eye defect due to which the colour-blind person is unable to distinguish 
between certain colours. This is due to absence of some cone cells that respond to certain 
colours. Colour blindness is a genetic disorder. It cannot be cured. The red-green colour blin 
person is not able to distinguish between red and green colours. However, colour-blind person 
can see other colours perfectly well. 


Exercise 

Natural optical instrument is 


DISPERSION 

Light of different colours has different wavelengths. Lights of different colours bend by different 
amount on refraction. This phenomenon occurs because refractive index of a transparent material is 


slightly different for different colours of light. 

White light is actually a mixture of light of different 
colours. Therefore when white light gets refracted 
under certain conditions, its components bend by 
different amounts and separate out. This 
phenomenon of splitting of light into its 
component colours, due to different refractive 
index for different colours, is called as dispersion 
of light. 



If a narrow beam of light falls on one of the faces of glass prism. It 
emerges out from other face. We can observe that white light split into 
a band of different colours. In this band one can distinguish seven 
prominent colours. These are Violet, Indigo, Blue, Green, Yellow, 
Orange and Red (acronym VIBGYOR). This band of colours is called 
as spectrum. These colours can also be seen in a rainbow. We can 
observe violet light deviates most and the red light deviates the least. 
This indicates refractive index of glass is largest for violet and least 
for red. 



We can also recombine these colours by the help of 
another prism. Another prism can be kept inverted with 
respect to first. Then the final light obtained after the 
second is again a white light. 
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Sun light 


Rainbow 

One of the spectacular atmospheric phenomena is the formation 
of rainbow during rainy days. The rainbow is also an example of 
dispersion of sunlight by the water drops in the atmosphere. 

A rainbow is always formed in a direction opposite to that of the 
sun. The water droplet acts like small prisms. They refract and 
disperse the incident sunlight, then reflect it internally and finally 
refract it again. When it comes out of the raindrop due to the 
dispersion of light and internal reflection, different colours reach 
the observer’s eye. 


Rainbow 



Exercise 2: $ 

(i) . Refractive index for green light of a prism is p g and refractive index for yellow light of same pi ism 

is Uy. Which is greater? 

(ii) . Does a beam of white light give a spectrum on passing througl]_a_hojJo^£^^^^^^^^^^^^ si 


ATMOSPHERIC REFRACTION 

The earth is surrounded by a layer of air, which is called as atmosphere. It extends several kilometers 
above the earth surface. In the atmosphere density of air is not same everywhere. It is greatest at the 
earth’s surface and goes on decreasing as we move higher. The refractive index of air depends on its 
density. The places where the density of air is higher, greater is the refractive index. The refractive 
index of the air changes with temperature too. 

This change in refractive index due to decreasing density and increasing temperature of air, produces 
wavering of objects seen through air, such observation presents an effect of atmospheric refraction 
on a small scale in our environment. There are some optical phenomena in nature that occur due to 
atmospheric refraction and total internal reflection of light. 

Twinkling of Stars 

Density and refractive index of the air decrease with height above the earth’s surface. This causes 
the light from the stars and other heavenly bodies to bend as it passes through the atmosphere. 
When we look at stars, quite often they do not appear steady. They disappear for a fraction of second 
before reappearing or their positions seem to shift slightly in random directions. This event is called 
as twinkling of stars. Since the temperature of air and its humidity are not the same everywhere in the 
atmosphere. The refractive index of air varies between different masses (or pockets) of air, even at 
same altitude. When a ray of light passes through such a pocket of air, it bends due to refraction, 
Light from a star may pass through one or more such pockets in the atmosphere before reaching the 
eye. Due to this, the final direction of the ray reaching the eye also changes, causing the image of the 
star to shift in random directions or disappear for a while. The amount of starlight which reaches the 
eye also keeps changing due to shift in the direction of the light. As a result, the perceived brightness 
of the star fluctuates 
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Like stars planet do not seem to twinkle, although light 
coming from them also passes through the air pockets in 
the atmosphere. This is because stars may be considered 
as point objects to us due to their enormous distance from 
the earth. On the other hand, planets are comparatively 
nearer and therefore they are considered as extended 
objects. Light from different parts of the planet form an 
extended image at the eye, due to which our eyes are 
unable to detect the random shifts in the smaller portions of 
this image. 


Apparent position 
of the sun 



At the time of sunrise and sunset sun is visible to us about 2 minutes before the actual sunrise and 
about 2 minutes after the actual sunset. This also happens due to atmospheric refraction. Again the 
apparent flatning of the sun's disc at sunrise and sunset is due to atmospheric refraction only. 


SCATTERING OF LIGHT 

The interaction of light with things around us gives rise to several beautiful phenomena, The blue of 
the sky, white clouds, the redness of sunrise and sunset, the rainbow are just a few of the natural 
wonders we are used to. We know that a light passing through a true solution is not visible. 
However, path of light becomes visible through a colloidal solution provided the size of the particles is 
relatively larger. 

As sunlight travels through the earth’s atmosphere, it gets scattered by the large number of molecules 
present. Scattering represents basically change in the direction of light. 

The colour of the scattered light depends on the size of the scattering particles. Very fine particles 
mainly scatter blue light while larger size particles scatter light of longer wavelengths. For the large 
size scattering particles, the scattered light may even appear white. 

Tyndall Effect 

We know that earth's atmosphere contains heterogeneous mixture of minute particles. These 
particles include smoke, tiny water droplets, suspended particles of dust and molecules of air. The 
path of the beam of light becomes visible, when it strikes such fine particles. This light reaches to a 
person after being reflected diffusely by these particles. The phenomenon of scattering of light by the 
colloidal particles is called Tyndall effect. We can see this phenomenon when a fine beam of sunlight 
enters a smoke filled room through a small hole, Here scattering of light makes the particle visible. 

Blue Colour of Sky 

Blue colour of sky is due to scattering of sunlight. Light from the sun, while traveling through earth’s 
atmosphere gets scattered by large number of molecules in the earth’s atmosphere. The molecules 
of air and other fine particles in the atmosphere have size smaller than the wavelength of visible light. 
These are more effective in scattering light of shorter wavelength. As the blue colour has shorter 
wavelength than red, therefore, blue colour is scattered much more strongly. Hence, the sky looks 
blue. 

Colour of Sun at Sunrise and Sunset 

As shown in the given figure, light from the sun near the horizon passes through thicker layers of air 
and larger distance in the earth’s atmosphere before reaching our eyes. 
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However, In the overhead position, light from the sun travel relatively shorter distance. At noon, the 
sun appears white as only a little of the blue and violet colours are scattered. At the time of sunset 
and sunrise (near the horizon), most of the blue light and shorter wavelengths are scattered away by 
the particles. Therefore, the light that reaches our eyes is of longer wavelengths. Hence the sun 
looks red both at the time of sunrise and sunset. 


Blue scattered away sun 
appears reddish 

Sun near horizon 
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Exercise 1: Eye 

Exercise 2: (j) ^ (jj) No 

Exercise 3: 

(i) No 

(ii) As the scattering is not prominent at such heights. 

(Hi) The red is least scattered by fog or smoke. Therefore, it can be seen in the same 
colour at a distance. 
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